Introduction
When single crystals of barbituric acid are exposed to X-irradiation radicals are formed. The main proc ess of radical production at 77 K can be described by the net reaction shown in Fig. 1 . Most of these are 
where Da is the fine structure constant at a fixed temperature (e.g. 77 K) while y is the temperature coefficient.
In addition to the dipolar interaction the energy of the system is modified by exchange interaction be tween overlapping orbitals of the unpaired electrons In addition to the thermal variation of the ex change energy, the corresponding effect on the fine structure constant D is determined. 
Experimental

Radical production
Single crystals of barbituric acid were grown from saturated aqueous solutions by slow evaporation at room temperature [1, 2] . Radicals were generated by exposure to X-rays from a 100 kV tube at 77 K. The dose applied was 70 kGy. 
ESR measurements at fixed frequencies
ESR measurements at 77 K were performed work ing at X-band (Bruker ER-220 D LR) and at Q-band (Varian E9). The first derivative of microwave ab sorption against magnetic field strength was regis tered.
ESR measurements with variable frequencies
The ESR spectrometer described by Knopp [3] utilizing variable frequencies between 8 GHz and 12 GHz including an adjustable cylindrical cavity in the TE(O ll) mode was also used for measurements. In our work two more pairs labelled A 'D ' and XY were seen (Fig. 4) (Fig. 4,  right) . Some additional satellite lines are visible. These are attributed to forbidden transitions involv ing the nuclear Zeeman term [11, 12] since they are absent in Q-band spectra. The other new pair XY is seen at 0 = 50° (Fig. 4,  left) . The hyperfine splitting in this orientation is composed of a 1:2:1 triplet. Fig. 6 ). Refrigeration to 77 K does not increase the remaining absorption.
Results
Monoradical
Temperature-dependent ESR measurements
Thermal shift o f line groups
Parts of the spectra shown in Fig. 6 The absorption lines BC and XY show a similar behaviour, a slow shift from 77 K to 230 K, a jump at 235 K and again a slow shift up to 290 K (Fig. 8) .
Leaving aside the region of the LAC effect the thermal shifts between 77 K and 230 K as well as those between 240 K and 290 K can be described by Eqn. (2) as shown in Table I 0.62 nm at 77 K. A value of 0.62 nm at 300 K is given by the crystallographic determination of Jeffrey et al. [9] . The temperature coefficient for XY is the smallest of all. Thermal expansion is expected to be minimal parallel to the fr-axis which is normal to the pyri midine rings.
The hyperfine structure of XY is due to two equiv alent protons. The CH-bonds of radicals stacked per pendicular to the pyrimidine plane are parallel and hence result in equivalent splittings. barbituric acid were exposed to an intense beam of a mercury-high pressure lamp with wave-lengths high er than 300 nm. Even after irradiation of 1 h no bleaching occurred. The same lines were observed before and after irradiation.
The results of variable temperature measurements in this work and in the papers of Knopp (Fig. 10) . A value of -(15.1 ± 0.6) GHz is found for Jlh at 77 K (Table II) . The corresponding temperature coefficient is ß = -(3.8 ± 0.8) x io"3k _1. It is seen from Table II that the exchange energy of barbituric acid has the highest value. This observation is in accord with the conclusion from earlier work attributing an increased thermal stabili ty to pairs with higher exchange energy [3] .
The "bleaching" of radical pairs after irradiation of a single crystal of 1-MU with UV light, was described by Flossmann et al. [4] . In our work single crystals of Table II The pair AD is the only one for which a level anticrossing (LAC) effect has been found in our ex periments. The associated exchange energy J was measured at various frequencies yielding an extra polated value of J/h = -(15.1 ± 0.6) GHz at 77 K.
The distance vector of pair XY is oriented along the crystallographic 6-axis at right angles to the molecular ring planes. Its length is 0.62 nm at 77 K which is larger than the distance of all other pairs.
Conclusions
In single crystals of barbituric acid • 2 H20 radical pairs A 'D ' and XY have been detected in addition to pairs AD and BC that were known before. In con-
